The aim of this study is to improve the pH and thermal sensivity of probiotics for using them in new functional foods, to this Lactobacillus acidophilus La5 was encapsulated with calcium alginate and some of capsules coated by chitosan. The probiotics bacteria were inoculated to jelly in their free and two microencapsulated forms and stored for 6 weeks at 7 and 25˚ᴄ. The morphology and size of microcapsules were measured by optical microscopy, scanning electron microscopy (SEM) technique and particle size analyzer.The thermal resistance in exposing to 70˚ᴄ-20min and survival of free and both two microencapsulated bacteria during storage were measured. the pH changes in jelly were also monitored during storage. Sensory evaluation was performed. the pH changes of jelly with microencapsulated L.acidophilus were slower than jelly containing free bacteria during storage. The survival rate of microencapsulated L. acidophilus was significantly higher than free bacteria and in low temperature (P < 0.05) due to the protective property of calcium alginate capsules. Viability of bacteria in this capsules was about 10⁷ cfu/ml after 6 weeks. The effect of microencapsulation on thermal resistance property of probiotics was significant (P˂0.05). The inoculation of free probiotic had significant effect on texture, color, taste, odor, transparency and overall sensory characterization of jelly over the storage period at 4°C (P˂0.05) as it was unacceptable. The microencapsulation with alginate-chitosan effectively protected the L.
vitamins (Gilliland, 1990; Shah and Jelen, 1990) .
A number of intrinsic and extrinsic factors influence the survival of probiotics in foods during processing and storage. It is important to consider these factors at all stage from additions of the probiotic in the food to delivery of the probiotic to the gut of consumer.
These include manufacturing processes, food formulation and matrices, packaging materials and environmental conditions in the supply chain and storage (Govin babu and Nithyalakshmi, 2011) . The
Food and Agriculture Organization-World Health
Organization report also specifies that the standard for any food sold with health claims from the addition of probiotics is that it must contain per gram at least 10⁶-10⁷ CFU of viable probiotic bacteria (latha sabikhi et al., 2008) .
Probiotics could be protected using different method such as microencapsulation. Microencapsulation, microbiologicaly consists of microscopic covering small living cells with a hydrocolloid layer and surrounding them in order to separate from the environment so that provides considerable viability of cells and protection from mild heat treatment in food processing and harmful environments including moisture, pH and unfavorable conditions (Gong et al., 2009) . Microencapsulation using emulsion method is widespread because it does not damage the bacteria and is applicable at large scale (Ding and Shah, 2007) . Usually, small sizes (micron) can be obtained by this method (Kailasapathy, 2002) . Alginate is the most widespread used encapsulating material due to its non-toxity, light weight and biocompatibility.
Alginate is a linear heteropolysaccharide consisting of The main objective of this study was to increase stability of bacteria to increase products diversity in form of functional and probiotics foods so that the new products contain alive bacteria that have sufficient tolerant in all processes of production and consumption. There were not any studies on probiotic jelly that can be eaten on a daily basis and will contribute to increasing health. 
Material and methods

Bacterial
Microencapsulation of Probiotics
In this study, L. acidophilus was inoculated to jelly in three forms: free or non-encapsulated, encapsulated
Int. J. Biosci. 2014
with calcium alginate, and encapsulated with calcium alginate coted by chitosan. Probiotic organisms were microencapsulated using emulsion method. 3%
solution of alginate was prepeared by blending medium viscosity sodium alginate (Sigma Aldrich, USA) and distilled water using magnetic stirrer then outocluved 121˚ᴄ-15min then allowed to cooled at room temperature. 100 mL of sterile 3% sodium alginate solution was mixed with probiotic organisms suspension, Then alginate and bacteria suspension was dispensed using a pipette into a beaker capsules were refrigerated at 4˚C for 10 h to allow the beads to fully harden (Ding and Shah, 2008) .
Low-molecular-weight chitosan (0.4g) (Sigma Aldrich, USA) was dissolved in 90ml distilled water acidified with 0.4ml of glacial acetic acid to achieve a final concentration of 4g/l. The pH was then adjusted to between 5.7 and 6.0 by adding NaOH (1M) (Merck,Germany). The mixture was filtered through Whatman #4 filter paper and was autoclaved at 121˚C for 15min. Then 15 g of washed beads were immersed in 100 ml of chitosan solution with gentle shaking at 100 rpm for 40min on a magnetic stirrer. The chitosan-coated capsules were washed and kept at 4˚C for not more than 1 h. The beads were then used on the same day (Krasaekoopt et al., 2004) .
Physical examination of microcapsules Size analysis
The size of the capsules was determined by using the Kim et al., 2008) .
Freshly prepared Chitosan coated alginate micro beads encapsulating probiotics (1g) were broken down in 9 mL of sterile sodium citrate solution 0.1M at pH 6.3 were blended in a stomacher for 1 min prior to breakdown in sodium citrate solution.
Dilutions were made in 0.1% peptone and were plated on MRS agar. Colonies of L. acidophilus were enumerated following incubation at 37 °C for 48 h under anaerobic conditions.
Probiotic Jelly production
For jelly production a mixture of sugar (˂30%), fruit iuice and carrageenan (˂1.5%) was prepeared in water Int. J. Biosci. 2014
fallowed by heating of mixture at 80-85˚ᴄ for 20-30min as cooking stage. when heating was finished, the mixture was Cooled possible then appropriate essence and colorant were added to product. On the next step the pH was adjusted to 3.5-4 by adding citric acid then jelly was poured into the jelly cups at temperature minimum 60˚ᴄ. Probiotic bacteria were inoculated to jelly in their free and two microencapsulated forms at hot filling step then jelly was cooled and stored for 6 weeks at 7 and 25˚ᴄ. All jelly samples had 10¹¹ CFU/ml.
Assessment the heat tolerance of free and microencapsulated bacteria in jelly production
The aim of this study is production of probiotic jelly adding free and microencapsulated forms bacteria before hot filling step of production. Heat tolerance was studied by exposing jelly samples to 70˚ᴄ. After heat treatment, the jelly containing free and microencapsulated probiotic bacteria with alginate and alginate coated with chitosan were cooled then buffers were used that helped release the encapsulated probiotic bacteria as described before.
Then serial dilutions were prepeared and culture was plated on MRS-Agar and were incubated at 37˚ᴄ for Results of sensory evaluation analized using friedman non parameteric tests by SPSS 20 software.
Results and discussion
Assessment the relationship between microbial suspension absorption and micro organism count
Basis of explanation coefficient (R²) and assessment of different functions, cubic was choosed as the best model with explanation coefficient (R² = 0.971).
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Diagram 1 shows the absorption of microbial suspension and their counts at each absorption. As shown in the diagram, with an increase in absorption of microbial suspension, bacterial count per ml of suspension increases. According to the results for fitting to load of 10¹¹ CFU/ml bacteria for inoculation, absorption of microbial suspension must be 3 at 600nm wavelength. 
Size distribution and morphology of microcapsules
According to the morphological analysis of the microcapsule, they were globular in shape and a thick skin around the strains was detectable. However, no significant difference in capsule shapes was observed with respect to the different capsules produced with and without coating layers by a optical microscopy but the size and thickness of capsules was increased by coating layer. Also SEM showed that the shape of microcapsules was generally spherical (figure1) and the surface of capsules was smooth (figure2).
Covering negative-charged calcium alginate capsules by chitosan (a multicathionic) results in coated capsules with more physicochemical stability and reduced destructive effect of anti-gel and agents involving calcium ions in the stracture of capsule. In this study, using chitosan, a compound protecting calcium alginate capsules, resulted in moreconsistent and thicker capsules thereby increasing probiotics viability. The size distribution of capsules was analysed by particle size analyser. The average size of the microcapsules was showed in table 1. The mean value of uncoated beads was 116.307μm which was significantly (P < 0.05) lower than that coated beads (322.422μm) for all encapsulated probiotics.
Furthermore, the uncoated capsules had the narrowest size distribution followed by chitosan coated capsules. In the particle size distribution data graph, the horizontal axis represents particle diameter (μm) while the vertical axis represents the percent of the relative particle amount or volume fraction (figure3). This is an improved technique to produce micron size beads rather than millimetre size produced by many as it gives a smooth texture when the beads are incorporated into products. This agrees with reported that very large calcium alginate beads (>1 mm) cause a coarseness of texture in live microbial feed supplements (Truelstrup Hansen et al., 2002) . while other researchers produced millimeter size capsules which gave gritty texture (Hyndman et al., 1993) . Different studies have shown that size reduction of the capsules to less than 100 μm would not offer any significant increase in survival rate of the probiotics on the gastric secretion condition (Truelstrup-Hansen et al., 2002; Hyndman et al., 1993) . Despite the fact that the micron size capsules had minor barrier effect, it created less alternation in composition of food product and further inhibit the sandy texture (Mokarram et al., 2009; Truelstrup-Hansen et al., 2002) . 
Viability of L. acidophilus in heat treatment
As the primary goal of thermal processing is to A temperature of 65˚C was found to be lethal to all free probiotic strains tested. However, after 1h of incubation the survival of free and microencapsulated probiotic bacteria was similar. Results indicate that after 1h of heating the alginate matrix offered little protection for the probiotic bacteria (Ding and Shah, 2007) . viability of probiotics decrease with higher temperature and time. Bacteria in alginate capsules coated by chitosan had the best heat tolerance then microencapsulation is a way to improve heat resistant of probiotics. 
Survival of free and encapsulated L. acidophilus in jelly during storage
The survival rate of L. acidophilus in the product was monitored during 4-6 weeks storage period at two different temperatures: 7 and 25°C (diagram 2).
Water activity and pH of jelly was reported 0.75-0.8 and 4.3 respectively whereas optimum and pH for lactobacilli are 0.95 and 6-7 respectively and all strain of lactobacilli are sensitive to less than 0.8. (Chavarri et al., 2010) . Also was reported the survival of encapsulated probiotic bacteria was higher than free cells by approximately 1 log cycle (Krasaekoopt et al., 2006) . respectively in jelly containing free probiotic bacteria after six weeks of storage, also the pH had no significant decline in the jelly containing encapsulated probiotics after the storage period (P˃0.05). This may be due to slow absorption of nutrients and sluggish release of metabolites through the calcium alginate-chitosan matrix (Homayouni et al., 2009; Sultana et al., 2000) . It has been suggested that one of the main factor in metabolic activity of microencapsulated probiotic bacteria is the size of the capsules. Larisch et al. (1994) 
Sensory evaluation
Average of sensory scores obtained from 10 panelists are represented in 
